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ABSTRACT  OF  THE  FIRAL  REPORT  HO.  2.  ' 

Effects  of  radiations  on  cell  division  and  i^rosomes 
in  animals  were  studied  from  various  stand  points  of  view, 
Firstly,  effects  of  X-  and  beta-  irradiations  on  grass¬ 
hopper  spermatocytes  were  investigated  using  various 
chemicals  with  r-necial  regards  to  the  radioprotection, 
but  the  result  not  remarkable  at  present.  Secondly, 
effects  of  single  or  repeated  X-irradiation  on  chromosomes 
of  human  in  vitro  cell  line  ware  studied.  Results  were  as 
follows:  iO’  afiier  a  single  dose  irradiation,  normal  diploidy 
was  retained  for  as  long  as  12  passages  over  100  days. 
Variation  of  chromosomeSnuraber  occurred  in  only  earlier 
passage  and  b)  six  sublines  were  produced  by  the  repetition 
of  X-irradiation.  About  fifty  percent  of  cells  in  each 
sublines  showed  chromosome  aberrations.  Thirdly,  genetic 
studies  of  anomalies  in  the  mouse  populations  whose  ancestor 
have  received  X-irradiation  were  investigated:  pregnancy 
rate,  mortality  of  foetusas,  and  iittor  size  in  females 
which  were  mated  with  irradiated  males  vfere  observed. 

Results  showed  that  a)  pregnancy  rate  was  same  as  control, 
h)  number  of  moles  increased  remarkably,  and  c)  litter 
size  decreased  slightly.  Fourthly,  effects  of  X-rays  on 
the  spermatoEenesis  of  Drosophila  were  studied.  Pupae  v^ere 
irradiated  at  various  stages  and  emei’gence  rate,  hatchabilit 
of  OEEs  ,VSfid,gli!poi\ic.tOf.;r'!’i-3i' chrbnidsoraes  were  observed. 
Eesults  were  as  follows:  a)  the  rate  of  emergence  was 
almost  same  as  control,  b)  hatchanility  of  eggs  showed 
e±frreraely  low  percentage,  and  c)  more  than  fifty  percent 
of  cells  shded  ebre^osome  aberrations.  Fifthly,  effects  cf 
gamma-irradiation  on  mating  type  ci  Paramecium. were  studied 
using  P.  polycarium  which  has  the  binary  mating  type.  Many 
new  clones  were  obtained  by  the  application  of  garama-lrradl'i 
ation.t^iase  clones  are  very  useful  to  analyse  the  genetic 
behaviour  of  Paramecia  and  further  studies  are  in  p''''creos. 
Sixthly,  immunologiical  response  of  lethally  irradiated  mico 
which  receive  injection  of  heterologous  spleen  cells  was 
studied.  HistoloKical  observations  on  spleens  were  curried 
out  as  a  supplemental  experment.  Seventhly,  effects  of 
X-irradiation  on  the  pregnancy  rate  in  mice  received  poly¬ 
ovulation  treatment  were  investigat''d.  It  was  concluded 
that  in  order  to  facilitate  the  implantation  of  hormone-r 
induced  polyovulated  egES,  25  X-irradiation  is  effective. 
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I.  RESULTS  OBTAINED  TO  DATE 


1 .  EFFECTS  OF  X-AND  BETA- IRRADIATIONS  ON  GERM-CELLS 

OF  GRASSHOPPER'?,  WITH  SPECIAL  REGARDS  TO  THE  BE¬ 
HAVIOR  OF  THE  CHROMOSOMES 

Studies  of  this  project  have  been  performed  using 
X“  and  beta-  Irradiation  In  combination  with  various 
compounds,  radioprotection  and  radlomlmetlc  agents, 
in  order  to  assess  the  findings  so  far  obtained  in  for¬ 
mer  year  and  to  get  any  new  findings.  It  had  been  tried 
to  use  dlnitrophenol,  RNA,  and  5-bromouracll,  as  the 
treating  agent,  however,  results  were  not  remarkable 
by  means  of  the  phase  cinematography.  Accordingly, 
the  ei'fe’cts  of  5-bromouracll  on  the  chromosomes  of 
grasshopper.-^permatocytes  v;ere  observed  by  fixed  and 
stained  preparations  and  further  investigations  of  this 
projecc  are  continued  using  the  tissue  culture  materials. 
Results  of  a  preliminary  experiment  of  5-bromouracll 
were  ao  follows;'  1)  chromosomes  of  first  and  second 
spermatocytes  were  observed  at  20,  60,  minutes,  2,  4, 

6,  12,  24,  36,  and  48  hours  after  treatment,  2)  most 
remarkable  aberration  was  the  chromosome  deletion. 

3)  these  deletions  were  observed  only  in  the  chromosomes 
of  the  second  spermatocytes,  mainly  during  the  period 
of  20  and  60  minutes  after  treatment. 

2.  EFFECTS  OF  REPEATED  X- IRRADIATION  ON  CHROMOSOME 

MORPHOLOGY  OF  MAMMALIAN  CELLS  H  VITRO 

a .  A  chromosome  study  in  a  non-t rested  and  an 
irrad:i.atea~huffian  in  vitro  cell  line;  In  a  non- treated 
aila  an  rL~rad'j^te3~'iauffian  fibroblast  cell  lines  of  foetal 
lung  origin,  chromosome  conditions  were  studied  in  the 
course  of  serl-l  passages.  The  primary  culture  was 
started  from  lung  cells  derived  from  a  four-month-old 
female  foetus.  Subculture  was  made  from  5-  to  10-day- 
old  culture.  The  culture  was  separated  into  two  groups 
at  the  third  passage.  Irradiation  experiments  were 
undertaken  with  one  of  the  two  groups  of  chemicals  at 
the  third  passage.  The  culture  was  exposed  to  an 
X- irradiation  (200r)  and  these  irradiated  cells  were 
subcultured  successively  through  the  routine  procedures 
for  12  passages.  The  other  culture  groups  remained 


non-lrradlated  and  had  been  maintaiied  for  4?  passages. 
Chromoaoiiie  analyses  have  been  doiid  through  serial  pas¬ 
sages  as  shown  In  Tables  1  and  2.  Normal  dlploidy  and 
normal  karyotype  were  retained  in  cells  from  the  non- 
treated  line  until  the  47th  passage  for  340  days  ( 

Table  1 ) .  The  frequency  of  tetraplold  and  other  aber¬ 
rant  cells  suddenly  increased  Just  prior  to  the 
beginning  of  cell  degeneration  In  later  passages.  In 
the  irradiated  cell  line  normal  diploldy  was  retained 
for  as  long  as  12  passages  over  100  days.  Polyploidy 
and  variations  of  the  chromosome  number  occurred  in 
cell  populations  of  ealier  passages. (Table  2). 

b.  A  chromosomal  survey  on  the  repeatedly  irradiated 
human  ceil  lines  in  vitro:  Six  sublines  were  produced 
Hy’KHe’  repetition  of  ^-irradiation  of  200r  aerially 
at  about  one  month  interval.  Chromosome  analysis  of 
these  sublines  has  been  carried  out  with  special  regards 
to  the  chroDiosoine  aberrations  in  relation  to  the  radlo- 
sensitivitv  and  resistancy  of  cells.  Stained  prepara¬ 
tions  we ro" made  from  materials  which  were  fixed  3,5,7 
and  10  do.yo  after  irradiation.  As  the  chromsome  counts 
are  oumi'jari'iGd  in  Table  3,  about  fifty  percent  of  meta- 
v-iiaoe  ;drtes  showed  -at  least  one  chromosome  aberrations; 
fragment,  breakage,  translocation,  dicentrics,  and 
er.dorodu;:lioation  etc.  A  tendency  of  decreasing  the  In- 
cidjjio-.i  oi'  cell  Injuries  according  to  the  addition 
c:'  culture  passages,  might  suggest  the  radloreslstancy 
Oi  tl.'j  irradiated  strain. 

3.  C-SNICTIC  OF  ANOMALIES  IN  THE  MOUSE  POPUUfriON 

'VHOSE  ANCESTOR'^  HAVE  RECEITOD  X- IRRADIATION 

"’■*  *'b''-l''"oi'iiHGlon  in  mouse  embryos  derived  from  normal 
.fenia'-os  maceu  wi'T.'h  X-irradiated  males;  dd  x  cjA  mice 
wore  usefirfor This  st'udyo  Male  mice  of  7,  15,  25,  30 
and  50  day  old  were  irradiated  with  100,  200,  300  and 
400r  \-r;vys  and  then  mated  with  normal  females.  150 
pregnant  fea:ales  were  killed  on  the  1 9th  day  of  gesta¬ 
tion  and  about  .1000  foetuses  were  obtained,  apioag,, which 
only  one  was  found  to  be  dwarf.  The  rest  of  the  foetuses 
werti  diagnosed  as  normal. 

b.  lialforination  in  mouse  embryos  derived  from  irra¬ 
diated  pre.gnant  females:  1}  Thirty  females  were  Irradia- 
ted  by  a  single  dose  of  X-rays,  varying  from  5r  to  lOr, 
one  day.vv  after  copulation  and  200  newborn  youngs  which 
were  obtained  from  such  irradiated  females  were  examined 
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In  speiJial  regards  to  the  formation  of  malformation. 
Results  showed  only  7  exencephalla  had  been  Induced. 

2)  Ten  females  were  Irradiated  by  a  single  dose  of 
150r  of  X-rays  on  the  12-1 3th  day  of  gestation  and 
8o  neivborn  youngs  were  obtained,  among  which  about  25 
percent  shoved  an  abnormal  de^aelopment  of  toes.  These 
works  are  continued  and  In  progress. 

c.  ^enaltlvltY  of  Immature  mouse  gern  cells  to 
X-rays~admlnl3trated  at  various  developmental  stages; 

DM  male  mice  aged  ?>  1$,  25,  30  and  Soi'days  were  Irra¬ 
diated  through  whole  body  exposure  with  doses  of  100, 

200,  300  and  400r  of  X-rays.  Some  genetic  effects  of 
irradiation  on  developmental  stages  of  spermatogenesis 
were  studied  In  females  mated  with  irradiated  males  with 
special  regard  to  pregnancy  rate,  mortality  of  embryos 
and  mean  lltter-size.  The  results  obtained  are  as  follows 
1 )  Pregnancy  rate  of  females  which  mated  with  irradiat¬ 
ed  males  wre  nearly  the  same  as  that  of  females  mated 
with  untreated  males.  2)  Moles  increased  remarkably 

in  number  in  the  irradiated  groups,  especially  in  the 
group  irradiated  at  the  age  of  25  days,  being  13.8 
percent  in  frequency.  3)  Mean  litter-size  decreased 
slightly  in  the  group  irradiated  at  25  ddys'  age.  On 
this  basis,  a  possible  suggestion  was  made  that  sperma¬ 
tocytes  and  spermatids  are  the  most  sensitive  to  X-rays. 

d.  Pregnancy  and  litter  size  of  females  mated  with 
irradiated  adult  mice  at  various  time  in  relation  to  the 
host-radfatToim'l'ects :  five  DM  mice  oelng  nearly 

^0  day- old  were  used  for  this  study.  Male  adult  mice  i 
were  exposed  to  the  300r  total-body  irradiation  of 
X-rays  and  were  mated  10  times  from  Just  after  the 
irradiation  to  35  days  later  at  about  4  days  interval. 

Each  male  was  placed  together  with  a  normal  virglr  female' 
for  mating  at  each  time  and  in  the  next  morning  fjffcale 
was  examined  for  the  presence  of  vaginal  plug,  a  sign 
of  successful  copulation.  Mating  rate  in  experiment 
group  vvas  rather  low  (75;?)  compared  with  the  control. 
(95'?).  As  the  results  of  observation  on  offsprings, 
litter  sizo  seemed  to  decrease  gradually  as  the  time  ' 
between  radiation  and  copulation,  from  4.5  to  2.8  in 
ave.-.-'age.  Ths  control  showed  4.8.  This  result  might 
suggect  that  injuries  of  germ  cells  by  X-lrradlation 
increase ’With  the  lapse  of  time.  Purther  studies  on 
this  project  are  In  progress. 
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4.  EFFECTS  OF  X-RAY3  05  THE  SPEPMTOGE^IESIo  0?  DRQ- 

SOPHIU  VIRILi? 

The  purpose  of  this  study  v/as  to  examine  the  radio- 
sensitivity  of  germ  cells  in  various  stages  of  sperma¬ 
tocytes  in  D-vlrilis.  '.forks  were  continued  from  the 
former  year7  under  two  following  items: 

a.  Emergence  rate  of  pupae  irradiated  at  various 
stages  after  pupation:  Vith.  2,000r  of  X-rays,  696  pupae 
were  irradiated  "a't  various  stages  and  the  relationship 
was  studied  between  the  rate  of  emergence  and  the  time 
they  were  irradiated.  It  was  observed  that  pone  of  pupae 
irradiated  20  hours  or  less  after  pupation  yielded  flies, 
while  pup3.e  irradiate!  40  hours  or  more  after  pupation, 
yielded  flies  at  almost  the  same  rate  of  emergence  as 
non-irradiated  pupae,  with  the  exception  of  pupae  irra¬ 
diated  45  and  55  hours  after  pupation,  which  showed  a 
alight  decrease  of  the  rate,  as  sho-mi  in  the  following 
table . 


Table  ;  Rate  of  Emergence.',’... 
from  Irradiated  Pupae 


Age  of  pupae 
irradiated 
after  pupation 

.Xo,  of  puoar^°-  ille8-eibFse-a‘'"4«^^' 

irradiated  emergence 

5 

(hrs. ) 

29 

0  (^J 

50 

47 

- 

- 

0 

40 

152 

42 

50 

92 

69.9 

45 

9 

5 

15 

45.5 

55 

l4 

4 

5 

9 

64.3 

60 

80 

33 

57 

75 

95.3 

65 

92 

53 

48 

85 

93.5 

30 

57 

16 

16 

32 

86.5 

•90 

55 

21 

11 

32 

94.3 

95 

54 

30 

20 

50 

92.5 

.  100 

55 

17 

31 

43 

87.4 

115 

5-2 

23 

24 

47 

90.4 

140 

IS 

5 

7 

12 

80.0 

170 

21 

9 

10 

19 

90.5 

Total 

596 

252 

255 

517 

74.3 

Control  959  ”450  45?  5b4  92.1 
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3ti.tdle3  on  the  effects  of  X-lrradlatlon 
on  the  13.e  of  pup:.e  in  Drosophila  vtrllls :  Pu pae 

were  i'ri'aSiateB.  Dy'“27oo0r  of^-Tays' at  the  p.erioda  of 
40,50,60,70,30,90,  and  100  hours  after  the  pupation, 
•‘“perniatosonial  metaphases  of  these  irradiated  pupae 
were  observed  by  means  of  squosh  preparations  which 
were  made  at  5,24,  and  43  hours  after  irradiation. 

Chiefly,  ohromosoJie  RtlckiSess  was  observed  at  5  hours 
after  irradiation.  More  than  fifty  percent  of  the  struc¬ 
tural  changas  of  chromosomes  were  observed  at  24  and  48 
hours  ai-ter  irradiation. 

5,  07  /-IRUiDIATIONo  03J  MTINO  TYPE  OF  PAMME- 

ciy?-' 

The  pt.i,rpo3e  of  this  studv  is  to  reveal  a  possible 
hidden  biological  effect  of  ^IP^rlys  which  would  not  appear 
in  one  generation.  Paramecia  v;ers  Irradiated  with 
gamma’ ray  at  .a  done  of  152  kr  which  vfas  found  in  the 
previous  study  a?,  the  dose  t,o  induce  no  abnnrnial  division 
of  ffiioro  'nuclei,  and.  were  cultured  until  the  time  of 
conjusations,  when  any  possible  changes  might  occur  in 
li'radiated  individuals  would  be  examined  by  means  of 
mating,  reaction  with  standard,  non- irradiated  Indlvldualelt 
A.r.  .a  preliminary  experiment,  in  order  to  obtain  the  homo- 
syeotes  prior  to  the  iri’s.diatior.,  paramecia  of  .stocks 
'64'  (mating  typo  I)  and  '32'  (mating  type  II)  were  artl- 
rioial.l’  pasired  through  the  autogamy.  These  stocks  were 
isolated  fror  the  original  clone  of  P.  polycarlum  which 
was  efj  tab.'.^  R!H-i  in  our  laboratory  an!  has  the  binary 
matins  typv. .  The  first  experiment  was  ojfrrled  out  in 
hope  of  det  •  'inlng  vhiich  type  of  inheritance  was  taken 
place  in  rao.i,.’;:r  behavior  of  paramecia.  Animals  of  type  I 
received  152  •■r  of  gaiiima-ii’radiation  from  Cobalt  60 
source,  ml::uC  with  tho  non- irradiated  specimens 
which  belonged  to  the  opposite  mating  type.  Then  twenty 
pairs  were  isolated  as  true  crosses.  From  th^jfe  pairs, 
forty  conjugants.  were  singly  isolated  and  transferred 
into  cult,u"-e  medium.  About  tv/elve  hours  later,  it 
found  that  most  of  these  animals  divided  only  once. 

These  animals  were  isolated  into  separate  culture  media 
again.  After  an  additional  fission,  they  were  relsolated 
and  transferred  into  the  medium  of  test  tube  culture. 

Thus  the  clone  of  156  caryonides  whJch  were  descendants 
of  17  conjugating  pairs  were  obtained.  We  could  not  approach 
the  conclusion,  however,  these  clones  ^:re  very  useful  to  • 
analyse  the  genotical  behavior.  Further  studies  are 
in  progress. 


6.  IMMIJVOLO&ICAL  REPPOW?  OF  LETHALLY  IRRADIATED  MICE 

WHICH  RECEIVED  INJECTION  OF  HETEROLOSOUR  SPLEEN  CELLS 

The  project  had  been  almost  completed  In  the  last 
year,  however,  it  was  i’equlred  to  assess  the  results  more 
in  detail  in  a  study  on  some  histological  features  of 
spleens  in su'dlethally  irradiated  mice.  Results  are  as 
follows: the  floo'..’ing  three  groups  of  mice  furnished  the 
ow-terial;  mice  received  a  single  irradiation  (Group  A), 
mice  irradiated  and  injected  rat  spleen  homogenates  4,5  ?!« 
hours  after  irradiation  (Group  B),  mice  received  injec¬ 
tion  of  rat  spleen  homogenates  6  days  before  irradiation 
(Group  0),  Gamma-rays  were  irradiated  with  the  whole 
body  exposure  at  a  dose  of  650r. 

Histological  remarks  of  spleens:  By  2  days  after 
irradiation,  the  most  remarkable  feature  of  the  irradia¬ 
ted  animals  was  both  hypertrophy  of  splenic  white  pulp 
and  red  pulp  atrophy,  Rmall  collections  of  lymphocytes 
along  blood  vessels  in  the  white  pulp  were  also  very 
conspicuous  in  irradiated  spleens.  Large  lymphocytes 
accUfflulated  in  tho  peripheral  part  of  white  pulp. 

These  changes  suggest  some  reactive  changes  occurring  In 
spleens  af isr  irradiation. ' 

With  the  lapse  of  time,  in  the  spleens  of  the  A  group 
mice  showed  many  pale  staining  reticular  cells,  among 
which  massive  collections  of  small  lymphocytes  dlstrl- 
hutsd  throughout  the  red  pulp.  It  ivas  striking  that  mega¬ 
karyocytes  developed  in  the  red  pulp  of  the  Irradiated 
mice  of  all  groups.  In  the  A  group  mice  megakaryocytes 
appeared  at  first  on  10th  day  after  irradiation  and  in¬ 
creased  in  number  vfith  days  until  the  death  of  animals, 
'rfhile  in  groups  3  and  C,  megakaryocytes  were  not  observed 
until  20  days  after  irradiation.  Therefore,  the  appearance 
of  megakaryocytes  in  the  red  pulp  of  the  irradiated  animals 
seems  to  be  a  sign  of  myeloid  metaplasia  and  of  death 
of  host  animals.  The  spleens  of  the  groups  3  and  C  showed 
almost  .similar  reaction  patterns.  Within  a  few  days 
after  irradiation,  marked  accumulation  of  large  lympho¬ 
cytes  occurred  in  the  peripheral  region  of  white  pulp. 

Many  basophilic  cells  were  seen  in  the  red  pulp.  Reti¬ 
cular  cells  were  prominent,  showing  a  heavy  basophilic 
staining  reaction  in  the  cytoplasm.  3y  5  to  12  days  after 
irradiation,  the  white  pulp  *-d8  replaced  by  large,  pale 
staining  lyraphocytsb.  The  appearance  of  some  plasma 
cello,  large  retlculosadothell&l  cells  and  lymphoblasts 
was  also  remarkable  in  this  state.  By  50  days,  the 
spleen  resumed  a  normal  appearance  with  normal  germinal 
center. 
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7.  EFFECTS  OP  X-RAYS  ON  TH5  PREGNANCY  RATE  IN  MICE 
RECEIVED  POLYOVULATIOM  TREATMENT 

I-iduc3d  polyovuls-tlon  and  super  pretsimnc.v  In 
mature  nilce  ^Experiment  I  and  ify*  these  experimstita 
were  carried  out  as  the  csntrol.  The  combined  applicai 
tlon  of  5  i.u.  pregnant  mare's  serum  (PMS)  and  5  l.u. 
human  chorionic  gonadotraphin  (HCQ)  44  hours  apart 
(Experiment  I),  or  that  of  10  i.u.  PMS  and  5  i.u.  HCG 
at  the  same  interval  (Experiment  II),  In  mature  female 
mice  regardless  of  their  Oeatrous  cycle  induced  poly¬ 
ovulation  in  them.  The  number  of  ovulated  eggs  was 
significantly  larger  in  Experiment  I  than  in  Experiment 
II.  Generally,  treated  females  carried  foetuses  in  an 
usually  large  number,  but  some  of  the  latter  died  or 
were  resorbed  during  gestation.  Some  females  gave 
birth  to  a  large  litter,  but  most  of  them  produced  a 
few  or  no  living  young. 

b.  Induced  polyovulatlon  In  mature  golden  hamster;  this 
work  had  been  done  as  a  supplemental  experiment. 

Female  golden  hamsters  at  various  stages  of  the  oest- 
rous  cycle  were  injected  with  20  l.u.  PMS;  the  several 
groups  further  received  an  injection  of  HCG,  42,  44, 

46,  or  48  hours  late-"  respectively.  In  females  treated 
at  an  interval  of  46  hours,  the  number  of  ovulated  eggs 
was  significantly  higher  than  that  in  the  other  three 
experimental  groups.  Sight  amongst  10  treated  females 
had  copulated.  In  those  eight  females,  the  number  of 
eggs  extruded  in  the  fallopian  tube  was  2l4  in  total, 
varying  from  13  to  37  in  number,  being  26.8  per 
individual.  Microscopically  those  polyovulated  eggs 
were  normal  in  their  general  structure.  Out  of  the 
fertilized  eggs,  16.0  eggs  per  individual  were  found 
in  process  of  early  development,  mostly  being  at  the 
pronuclear  stage  and  at  the  2-cell  stage  of  cleavage. 

°  •  Effectu  of  Xhirr’adlatlon  upon  developing  poly- 
ovulste Jliouse  egg-s:  the  ifiects  of  X-irr'adiation  on 
c[eveloping  puTyovuIated  mouse  eggs  i-nduced  by  hormones 
were  obse-.’ved,  vrith  special  regard  to  the  incidence  of 
pregnancy  r.nd  abuormaiities  of  embryos  and  neiv'born 
young,  in  relation  to  the  radioprotecting  effect  of 
endocrine  treatraent.  X-ray  irradiation  was  M3.de  with 
the  following  five  doses:  lOr,  25r,  oOr,  lOOr,  and  200r. 
The  results  obtained  are  as  follows:  i)  the  irradiation 
of  25r  v;as  significantly  effective  in  inducing  preg- 
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nancy,  resulting  In  a  frequency  of' 67.9  percent,  while 
lOr  was  not  effective  and  200r  was  Injuries,  2)  the 
average  number  of  Implants  with  normal  appearance 
slightly  Increased  after  low  level  Irradiation,  but 
did  not  noticeably  differ  by  dosages,  3)  the  mean  litter 
size  slightly  decreased  In  experimental  groups;  and 
4) the  number  of  externally  normal  developing  eggs  was 
nearly  the  same  In  both  control  and  experimental  groups 
following  25r  irradiation. 

It  was  concluded  that,  in  order  to  facilitate  the 
implantation  of  hormone- Induced  polyovu?Lated  eggs, 

25r  X- irradiation  is  effective. 
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APPENDIX  “B" 


Tabi«  2.  Chrowosouie  conditions  in  un  irradiatad  huaan  ceil  line  (2U0ri  X-raye) 


Passage/ 
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Table  3.  Number  of  cells  with  chromosome  injuries 
in  serially  irradiated  cell  line. 


Irradiated  groups 

No.  of  cells 
observed 

No.  of  cells 
unaffected 

No.  of  cells 
injured 

Group-R-I 

50 

13(26%) 

37(74%) 

Group-R-II 

74 

33(44.5%) 

41(55.5%) 

Group-R-III 

50 

29(58%) 

21(42%) 

Group-R-IV 

60 

35(58.3%) 

25(41.7%) 

Group-R-V 

61 

35(57.3%) 

26(42. 7?4) 

Group-R-VI 

65 

49(76.1%) 

16(23.9%) 

